acid and homovanillic acid by HPLC. Three methodologies compared. Biomed Chromatogr 1987;2:209-15. 23. Gironi Results show that blood should be centrifuged within 1 h after collection;the use of a refrigerated centrifuge is not necessary. Once plasma is prepared, CA are stable for 1 day at 20#{176}C, 2 days at 4#{176}C, 1 month at -20 #{176}C (or 6 months with added glutathione), and up to 1 year at -70 #{176}C. CA are stable at 4#{176}C for 1 month in unpreserved urine and for 4 months in urine preserved with EDTA and sodium metabisutfite. In acidified urine, CA were nearly unchanged after 1 year at 4 and -20 #{176}C.
UA, acidified urine; UO, unpreserved urine; and UB, urine preserved with EDTA and sodium metabisulflte.
cay in measured plasma CA (1), whereas others reported unchanged CA after a delay of 1 h (2, 3), 3 h (4), or even 7-24 h (5). Often a refrigerated centrifuge is used, but whether or not this is really necessary is not clear. According to one report (1), plasma should be frozen immediately; others claim that plasma CA are stable at room temperature for 22 h, even in the absence of added antioxidant (2). Reports on the stability of plasma CA at -20#{176}C vary from 11 days to 240 days (1-4, 6-11).
Regarding lower storage temperatures, Sever (3) saw no decrease after 6 months at <-50 #{176}C; others report a decrease after 4 months at -70 #{176}C (12). Most of the references cited gave results for only norepinephrine (NE) and epinephrine (E); dopamine (DA) was only rarely considered.
Reports on the stability of CA in urine are scarce. -70 #{176}C, NE and E showed a slight downward trend, whereas DA remained stable. In UB, CA were stable up to 4 months at 4#{176}C and thereafter slowly decreased. At -20 and -70 #{176}C, the pattern was the same as in UO: a slight downward trend for NE and E, and DA remained stable. CA were most stable in UA. E showed a small but clear downward trend at all three storage temperatures (the least at -20 #{176}C); DA was stable at all three temperatures and NE at 4 and -20 #{176}C. Remarkably, NE showed a slight downward trend at -70 #{176}C.
Discussion
In our own university hospital setting, we routinely measure CA in plasma; samples are collected in specially prepared heparinized glutathione-containing tubes, brought to the nearby laboratory on ice, and centrifuged within 15 mm in a refrigerated centrifuge. The plasma is immediately stored at -70 #{176}C in an ultrafreezer, and measurements are performed within 2 weeks. Urine is collected in containers with EDTA and sodium metabisulfite, kept in a refrigerator between collections, and, when collection is completed, aliquots are stored at -20 #{176}C until assayed within 2 weeks. Regularly we receive from other centers samples for CA measurements that have not been handled similarly for various reasons, e.g., no specially prepared tubes or no refrigerated centrifuge available, no centrifuge nearby at all, no ultrafreezer available, samples left or sent by mail at room temperature, or samples that for logistical reasons during clinical trials have been stored for prolonged periods in freezers or ultrafreezers.
We undertook the present study to answer questions regarding the validity of CA measurements in such samples. The results show that in plasma, once prepared, CA are stable for some time (24 h at 20#{176}C, 48 h at 4#{176}C), so that immediate freezing is not imperative. In accord with this finding, the use of a refrigerated centrifuge is not necessary.
However, the time between blood collection and the preparation of plasma is quite critical; if the time exceeds 1 h, CA values increase (when blood is kept at 4#{176}C) or decrease (when kept at 20#{176}C). The most likely explanation is that, at 20#{176}C, CA are taken up by the erythrocytes and (or) platelets (17, 18), leading to a decrease in the plasma concentration.
Because the uptake of CA in erythrocytes is reported to be temperature dependent (17) , this process would be much slower at 4#{176}C than at room temperature.
However, at 4#{176}C, blood constituents such as erythrocytes may break down, releasing their CA content, and thereby leading to an increase in plasma CA concentration. The sometimes visually discernible more reddish color of plasma, prepared after leaving blood on ice for longer periods, than of plasma prepared from the same blood immediately, supports this explanation.
Alternatively, czyoprecipitation of plasma proteins might also be a cause of increases in CA concentrations.
CA are stable for a year in plasma stored at -70 #{176}C, although there is a small but significant downward trend for NE. The results are slightly better in HPG than in HP, suggesting that the addition of extra glutathione is preferable.
In urine, even if unpreserved, CA are more stable than in plasma. This is probably due mostly to the much higher concentrations, which are inherently more stable than low concentrations (19). The fact that CA are stable in urine at 20#{176}C for at least 4 days, even without preservatives, means that collection of 24-h portions can be done without cooling between collection times, and preservatives can be added later, if deemed necessary.
For long-time storage, preservation by acidification gives best results, and storage at -20 #{176}C is sufficient.
When the antioxidative capacity (whether inherent or as a result of added preservatives) is near its end, a chaotic process may ensue and results may vary greatly. In one experiment we measured CA in unpreserved urine in five replicates after 3 weeks at 20#{176}C and found values for NE, E, and DA that varied from 5% to 90% of the original concentrations.
No such variation was found in similar experiments with urine preserved by acidification or by EDTA and sodium metabisulfite. Two things should be kept in mind when interpreting the results of this study. First, the various conditions have been studied singly. In combination, e.g., leaving plasma for 4 days in a refrigerator and than storing at -20 #{176}C, breakdown of CA may be much more accelerated than when stored without delay at -20 #{176}C. Second, the samples were all measured once after the first thawing. Repeated thawing and freezing will greatly increase the breakdown of CA. The results of this study agree with some previous reports but are at variance with others. The main reason for the discrepancies is probably that we used highly sensitive and reproducible methods for the determination of CA concentrations, whereas especially in some of the older studies the methods used were too insensitive to detect small decreases in CA concentrations.
Recommendations
In summary, our results lead us to the following recommendations:
Plasma preparation
and transport #{149} Blood should be centrifuged within 1 h after collection.
#{149} A refrigerated centrifuge is not necessary for the preparation of plasma.
#{149} For measurements within 4 weeks, heparinized plasma is good enough; thus, blood can be collected into standard tubes. #{149} Extra glutathione is necessary only when prolonged storage is foreseen at -20 #{176}C and is advantageous for storage at -70 #{176}C; when it is used, it could be added after centrifugation.
#{149} During transport, plasma samples should not be left more than 1 day at 20#{176}C or 2 days at 4#{176}C. Transport by mail should be in cooled containers or on solid CO2. Plasma storage #{149} Plasma should be stored no longer than 1 month (heparinized plasma) or 6 months (with extra glutathione)
at -20 #{176}C. #{149} Plasma CA are stable up to 1 year at -70#{176}C, preferably in heparinized plasma with extra glutathione. Urine collection and storage #{149} Because CA are stable even in unpreserved urine for 4 days, refrigeration between collection periods is not necessary (at least not for this reason). #{149} Acidification is the best method for prolonged preservation (almost no change for up to 1 year even at 4#{176}C).
#{149} With EDTA and sodium metabisulfite as preservatives, CA show only a very slight downward trend in the course of 1 year.
#{149} Preservatives can be added after collection is completed.
The results of this study show that it is not necessary to have access to specially prepared, nonstandard bloodcollection tubes, refrigerated centrifuges, and ultrafreezers to prepare and temporarily store plasma and urine samples for reliable CA measurements.
However, in view of the chaotic degradation process that may occur when the antioxidative capacity is near its end, it seems advisable to minimize as much as possible any destabilizing conditions.
